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(54) HIGH-BREAKDOWN VOLAGE SEMICONDUCTOR DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain low ON resistance and to 
realize high breakdown voltage in both ON and OFF states of a gate 
at the same time. 

SOLUTION: This device has the following structure. When a gate is 
off, an n-type offset layer 14 acts as a reserve and realizes a high 
breakdown voltage. When the gate is off, even if the electric charge of \y 
the n-type first offset layer 14 is offset by the drain current (ID) flowing 
through an element by the low ON resistance, an n-type second offset 
layer 15 having a higher dosage n2 than the dosage n1 of the n-type 
first offset layer 1 acts as the reserve. In this case, letting the amount 
of the electric charge of electrons be represented by q [C] and the drift 
speed of carrier be &upsi;drift [cm/sec], the relationship of n2>1D/ 
(q.&upsi;drift) [cm-2] is satisfied. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the high proof-pressure semiconductor device 

which consists of an MOSFET. 

[0002] 

[Description of the Prior Art] Generally the high proof-pressure semiconductor device used for a high proof-pressure 
drive circuit etc. and the low proof-pressure semiconductor device used for a low proof-pressure drive circuit etc. are 
formed in the same substrate, and Power IC is manufactured. This kind of power IC is known widely, and many uses 
are considered. Usually, the high proof pressure MOSFET as a high proof-pressure semiconductor device is used for 
the output stage, and, as for such power IC, the low on resistance is demanded, as for this high proof pressure 
MOSFET. 

[0003] Drawing 4 is the cross section showing the element structure of the applied high proof pressure MOSFET. p 
type body layer 2 is alternatively formed in the front face of the p type semiconductor substrate 1 of high resistance 
[ this high proof pressure MOSFET ]. n type source layer 3 of low resistance is alternatively formed in the front face of 
p type body layer 2. 

[0004] n type offset layer 4 of high resistance is formed in a front face which is different in p type body layer 2 of the p 
type semiconductor substrate 1 . n type drain layer 5 of low resistance is alternatively formed in the front face of n type 
offset layer 4. Moreover, the gate electrode 8 is formed in a part of n type offset layer 4 front face contiguous to p type 
body layer 2 front face across which n type source layer 3 and n type offset layer 4 face, and this front face through the 
gate insulator layer 6 and the field oxide film 7. 

[0005] Moreover, the source electrode 9 in contact with both [ these ] layers is formed in n type source layer 3 and p 
type body layer 2. The drain electrode 10 is formed on n type drain layer 5. 

[0006] Since, as for such a high proof pressure MOSFET, n type drain layer 5 is formed in the offset layer 4, the offset 
layer 4 acts as the so-called RISAFU layer. This RISAFU layer enables the suppression of an on resistance to a low 
value, maintaining high pressure-proofing of an element. In addition, the characteristic curve of the drain voltage-drain 
current from gate-voltage VG =0V (OFF state) to 5V of this high proof pressure MOSFET is as being shown in 
drawin g 5 . 
[0007] 

[Problem(s) to be Solved by the Invention] However, as the above high proof pressures MOSFET show to drawing 5 , 
they are the time of gate-off, and a gate voltage VG. The usual gate voltage VG which exceeded IV although high 
pressure-proofing was maintained by about IV at the time of a low At the time of the becoming gate-on, there is a 
problem used as low pressure-proofing. 

[0008] That is, space charge positive by the part side whose electron the equipotential line became dense by the drain 
side, and increased to the drain side in n type offset layer 4 front face by the drain current which flows an element at the 
time of gate-on, and the source side will produce the high proof pressure MOSFET, and this positive space charge will 
negate the charge which doused n type offset layer 4. For this reason, there is a problem on which n type offset layer 4 
stops acting on as a RISAFU layer, and pressure-proofing is reduced at the time of gate-on. Especially this problem is a 
gate voltage VG. It becomes remarkable more than by 1/2 or more 3V of rating. 

[0009] Moreover, since this high proof pressure MOSFET turns into low pressure-proofing at the time of gate-on, there 
is a problem of being unusable in the analog circuit of composition of that a drain links with a power supply directly 
and carries out bias of the gate. 

[0010] In addition, if drift velocity of q (=1 .6x10-19 C; unit coulomb) and an electron is set [ the drain current of the 
element per gate width of 1cm ] to upsilondrift (=8x106 cm/sec) for ID and the amount of electronic charge, it is this 
drain current ID. The negative charge of n type offset layer 4 negated is ID/(q-upsilon drift) cm-2. Moreover, gate 



width is the gate length which met in the space depth direction of drawing 4 , and is also called channel width among 
this specification. 

[001 1] this invention aims at offering the high proof-pressure semiconductor device which can realize high pressure- 
proofing by both the ON state / OFF state of the gate while it was made in consideration of the above-mentioned actual 
condition and can obtain a low on resistance. 
[0012] 

[Means for Solving the Problem] The main point of this invention considers as two-layer composition, offset applying 
it to a drain side from a source side, and the structure which prepared the 2nd offset layer of a high-dose amount in the 
drain layer side rather than the 1 st offset layer by the side of the source is used. 

[0013] That is, the main point of this invention leaves a charge to the 2nd offset layer by the side of a drain, though the 
charge of the 1st offset layer by the side of the source is negated, it is made to act as a RISAFU layer by the drain 
current which flows an element by the low on resistance at the time of gate-on, and as the whole element, while, it is in 
making high pressure-proofing realize by both the ON state / OFF state of the gate, on the assumption that a low on 
resistance. 

[0014] Now, based on the main point of the above this inventions, the following meanses are specifically provided. The 
1st conductivity -type body layer by which this invention was alternatively formed in the front face of the 1st 
conductivity -type semiconductor substrate and the aforementioned 1st conductivity -type semiconductor substrate, The 
2nd conductivity-type source layer alternatively formed in the front face of the aforementioned 1 st conductivity -type 
body layer, The 1st offset layer of the 2nd conductivity type alternatively formed in a different field from the 
aforementioned 1st conductivity-type body layer of the front face of the aforementioned 1st conductivity-type 
semiconductor substrate, The 2nd offset layer of the 2nd conductivity type alternatively formed in the front face of the 
aforementioned 1st offset layer of the 2nd conductivity type, The 2nd conductivity -type drain layer alternatively 
formed in the front face of the aforementioned 2nd offset layer of the 2nd conductivity type, The gate electrode formed 
through the Gaea ******** on the field inserted into the aforementioned 2nd conductivity -type source layer and the 
aforementioned 1st offset layer of the 2nd conductivity type, It is related with the high proof-pressure semiconductor 
device of the structure equipped with the source electrode formed in contact with both aforementioned 1st conductivity- 
type body layer front face and aforementioned 2nd conductivity-type source layer front face, and the drain electrode 
formed in the aforementioned 2nd conductivity -type drain layer front face. 

[0015] In the starting structure, invention corresponding to a claim 1 The dielectric constant of mu [cm2 / V-s] and the 
aforementioned gate insulator layer for the mobility of the carrier in the channel of an element epsilon [F/cm], It is 
[ thickness / of the aforementioned gate insulator layer ] VT about L [cm] and threshold voltage in d [cm] and channel 
length. It is VG about [V] and a rated gate voltage. When referred to as [V], Drain current ID per [ which is specified 
by following the (1) formula ] 1cm of channel width It receives, the amount of electronic charge is set to q [C], and it is 
upsilondrift about the drift velocity of a carrier. When it considers as [cm/sec], Dose n2 of the aforementioned 2nd 
offset layer of the 2nd conductivity type It is the high proof-pressure semiconductor device with which are satisfied of 
following the (2) formula. 

ID -(micro-epsilon) -(VG / 2-VT)/(4 and L-d) [A/cm] - (1) 
n2 >=ID/(q-upsilon drift) [cm-2] - (2) 

Moreover, invention corresponding to a claim 2 is the dose of the aforementioned 1st offset layer of the 2nd 
conductivity type nl When referred to as [cm-2], it is the dose n2 of the aforementioned 2nd offset layer of the 2nd 
conductivity type. It is the high proof-pressure semiconductor device with which are satisfied of the following formula. 
It is the high proof-pressure semiconductor device which invention corresponding to a claim 3 has the dose of the 
aforementioned 1st offset layer of the 2nd conductivity type within the limits of 1.5 to 4x1012 [cm-2], and has the dose 
of the aforementioned 2nd offset layer of the 2nd conductivity type in 2nl <=n2<=4nl pan within the limits of 3x1012 
to 1.6x1013 [cm-2]. 

(Operation) Invention corresponding to a claim 1 therefore, by having provided the above meanses By the drain current 
which the 1st offset layer of the 2nd conductivity type acts as RISAFU, and realizes high pressure-proofing as usual at 
the time of gate-off, and flows an element by the low on resistance at the time of gate-on Although the charge of the 1st 
offset layer of the 2nd conductivity type is negated, it is the dose nl of the 1st offset layer of the 2nd conductivity type. 
High-dose amount n2 Since the 2nd offset layer of the 2nd conductivity type acts as RISAFU While being able to 
obtain a low on resistance, high pressure-proofing can be made to realize by both the ON state / OFF state of the gate. 
[0016] Moreover, since the conditions at this time are specified as n2 >=ID/(q-upsilon drift) [cm-2], this operation can 
be done so easily and certainly. Moreover, it adds to the operation corresponding to a claim 1, and the operation which 
does the same high pressure-proofing so, and invention corresponding to a claim 2 is the conditions at this time 2nl 
<=n2 <=4nl Since it has specified by carrying out, the operation mentioned above can be done so easily and certainly. 
[0017] Furthermore, since invention corresponding to a claim 3 has specified the dose of the 1st offset layer of the 2nd 
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conductivity type, and the dose of the 2nd offset layer of the 2nd conductivity type for the concrete numeric value in 
addition to the operation corresponding to a claim 1, and the operation which does the same high pressure-proofing so, 
it can do so the operation mentioned above still more easily and certainly. 
[0018] 

[Embodiments of the Invention] Hereafter, it explains, referring to a drawing about 1 operation form of this invention. 
Drawing 1 is the cross section showing the element structure of the high proof pressure MOSFET concerning 1 
operation form of this invention, p type body layer 12 is alternatively formed in the front face of the p type 
semiconductor substrate 1 1 of high resistance [ this high proof pressure MOSFET ]. n type source layer 13 of low 
resistance is alternatively formed in the front face of p type body layer 12. 

[0019] The n type 1st offset layer 14 of high resistance is formed in a different front face from p type body layer 12 of 
the p type semiconductor substrate 1 1, the n type 1st offset layer 14 is adjoined, and the n type 2nd offset layer 15 of 
low resistance (high-dose amount) is formed rather than the n type 1st offset layer 14. 

[0020] n type drain layer 16 of low resistance is alternatively formed in n type 2nd offset layer 5 front face rather than 
the n type 2nd offset layer 5. Moreover, the gate electrode 19 is formed in a part of n type 1st offset layer 14 front face 
contiguous to p type body layer 12 front face across which n type source layer 13 and the n type 1st offset layer 14 
face, and this front face through the gate insulator layer 17 and the field oxide film 18. 

[0021] Moreover, the source electrode 20 in contact with both [ these ] layers is formed in n type source layer 13 and p 
type body layer 12. The drain electrode 21 is formed on n type drain layer 16. 

[0022] Here, it is [ mobility / of the carrier in the channel of an element / dielectric constant / of mu [cm2 / V-s] and the 
gate insulator layer 17 / thickness / of epsilon [F/cm] and the gate insulator layer 17 ] VT about L [cm] and threshold 
voltage in d [cm] and channel length. It is VG about [V] and a rated gate voltage. When referred to as [V], it is drain 
current ID per 1cm of channel width. It is prescribed by the 
ID =(micro-epsilon) -(VG / 2-VT)/(4 and L-d) [A/cm] - (1 ) 

Amount of electronic charge q [c] mentioned above at this time, and electronic drift velocity upsilondrift [cm/sec] is 
used and it is the dose n2 of the n type 2nd offset layer 15. It is set up so that the relation of the following (2) formulas 
may be satisfied. 

n2 >=ID/(q-upsilon drift) [cm-2] - (2) 

At this operation form, it is mu= 700 [cm2 / V-s] and epsilon= 3.5x10-13. [F/cm], d= 1 .5x10-6 [cm], and L= 1x104 It is 
dose n2 =9xl012[cm-2] to [cm] VT =1[V] VG =5[V]. 

[0023] Next, an operation of the high proof pressure MOSFET of the above composition is explained. As the n type 1st 
offset layer 14 acts as RISAFU and this high proof pressure MOSFET is shown in drawing 2 as usual at the time of 
gate-off of gate-voltage VG =0V, high pressure-proofing is realized. 

[0024] On the other hand, although the charge of the n type 1st offset layer 14 is negated by the drain current which 
flows for an element at the time of gate-on (gate-voltage 5V), as the n type 2nd offset layer 15 of a high-dose amount 
acts as RISAFU and it is shown in drawing 2 rather than the n type 1st offset layer 14, high pressure-proofing is 
realized. Moreover, although high pressure-proofing is realized by both the ON state / OFF state of the gate as 
mentioned above, the low on resistance has been obtained simultaneously. That is, high pressure-proofing can be made 
to realize over the range of gate voltages 0V-5V, being able to obtain a low on resistance. 

[0025] Drawing 3 is the amount n2 of DO 1 ZU of the pressure-proofing at the time of gate-on (VG =5V), and the n 
type 2nd offset layer 15. It is drawing showing a relation. In addition, dose nl of the n type 1st offset layer 14 at this 
time It is 3x1012 [cm-2]. It is n2 as shown in drawing 3 . When it is within the limits of 6x1012 to 1.2x1013 [cm-2], it 
turns out that pressure-proofing is improving greatly. 

[0026] Moreover, thereby, it is n2. 2nl <=n2 <=4nl It turns out that it is desirable that it is in within the limits. The 
reason is n2. 2nl It is because a charge will be negated by drain current when small (n2 <2nl). Moreover, n2 4nl It is 
because it does not contribute to improvement in pressure-proofing in order that the n type 2nd offset layer 15 may not 
depletion-ize completely and may not act as RISAFU, when large (4nl <n2). 

[0027] Moreover, this n2 nl It sets in a relation and is the dose nl of the n type 1st offset layer 14. It is within the limits 
of 1.5 to 4x1012 [cm-2]. And dose n2 of the n type 2nd offset layer 15 The result of being desirable is obtained on 
element operation which makes high pressure-proofing realize without being concerned with turning on and off of the 
gate, that it is within the limits of 3x 1 0 1 2 to 1 .6x 1 0 1 3 [cm-2] being able to obtain a low on resistance. 
[0028] As mentioned above, according to this operation form, at the time of gate-off as usual drain current ID which 
the n type 1st offset layer 14 acts as RISAFU, and realizes high pressure-proofing, and flows an element by the low on 
resistance at the time of gate-on Although the charge of the n type 1st offset layer 14 is negated, it is the dose nl of the 
n type 1st offset layer 14. High-dose amount n2 Since the n type 2nd offset layer 15 acts as RISAFU While being able 
to obtain a low on resistance, high pressure-proofing can be made to realize by both the ON state / OFF state of the 
gate. 



[0029] Moreover, since the conditions of a dose are set up so that n2 >=ID/(q-upsilon drift) [cm-2] may be satisfied, 
this effect can be done so easily and certainly. In addition, drain current ID to use in this case Since optimization of a 
dose can be attained also with a value, it is desirable. 

[0030] moreover, dose nl of the n type 1st offset layer 14 within the limits of 1.5 to 4x1012 [cm-2] carrying out 
dose n2 of the n type 2nd offset layer 15 The effect mentioned above also as within the limits of 3x1012 to 1.6x1013 
[cm-2] can be depended, and it can do so still more easily and certainly. 

[0031] Furthermore, they are the conditions at this time 2nl <=n2 <=4nl Since it carried out and asked experimentally, 
die effect mentioned above can be done so easily and certainly. 

(others - operation form) in addition, with the above-mentioned operation form, although the case where used the 1st 
conductivity type as p type, and the 2nd conductivity type was used as n type was explained, not only this but the 1st 
conductivity type can be used as n type, this invention can be similarly carried out for the 2nd conductivity type as a p 
type, and the same effect can be acquired In addition, in the range which does not deviate from the summary, this 
invention deforms variously and can be carried out. 
[0032] 

[Effect of the Invention] As explained above, while being able to obtain a low on resistance according to this invention, 
the high proof-pressure semiconductor device which can realize high pressure-proofing by both the ON state / OFF 
state of the gate can be offered. 



[Translation done.] 



